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(57) ABSTRACT

A surveying mstrument 1s provide with a telescope which 1s
movably supported, an auto-focusing system. Based on a
movement of the telescope, a moving status of the telescope
1s determined from among a rough sighting status, a fine
sighting status, and a suspended status. A controlling system
1s further provided, which controls the auto-focusing system
to perform the auto-focusing operation 1in accordance with
the moving status detected by the movement detection
system. If the status 1s the fine sighting status, the auto-
focusing operation 1s continuously performed. If the status 1s
the rough sighting status, then the auto-focusing operation 1s
not executed.

21 Claims, 6 Drawing Sheets
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1
SURVEYING INSTRUMENT

BACKGROUND OF THE INVENTION

The present invention relates to a surveying instrument
employing a sighting telescope having an auto-focusing
function.

Conventionally, a surveying instrument such as an electric
distance meter, and an electronic theodolite have been
known. The distance meter 1s for measuring a distance to an
aiming point, and the theodolite, or an angle measuring
instrument 1s for measuring horizontal and vertical
(elevational) angles between a reference point and an aiming
point.

In such a surveying instrument, a sighting telescope 1s
provided for accurately sighting the instrument on an aiming,
point. By aligning the sighting telescope so that the aiming,
point 1s located at the center of field of view, the axis of
distance measuring or measuring the horizontal and eleva-
fional angles 1s aligned to intersect the aiming point.

Recently, a total station, which has functions of both the
distance measuring 1nstrument and the angle measuring
instrument, has been generally used. In the total station, both
the distance and the angles (horizontal and elevational
angles) of the aiming point are measured at a time by
directing the sighting telescope to the aiming point.

In order to view the aiming point clearly within the field
of view of the sighting telescope, a focusing mechanism 1s
provided. The focusing mechanism is to be manipulated so
that an in-focus 1mage of the aiming point 1s formed. To ease
the focusing operation, recently, sighting telescopes having
an auto-focusing function have been employed in the sur-
veylng 1nstruments.

With the auto-focusing function, the focusing condition of
the sighting telescope 1s automatically adjusted. Thus, the
auto-focusing function makes the operator free from trouble-
some manipulation of focusing mechanism, and allows the
operator to concentrate on centering the aiming point in the
field of view of the sighting telescope.

In such a conventional sighting telescope, however, the
operator 1s required to manually operate a switch for actu-
ating the auto-focusing function when the auto-focusing
operation 1s to be executed. To operate the switch when the
sighting telescope is being aligned (moved) is bothersome.
Further, the operator may push a wrong button by mistake,
or the operator may unintentionally turn the telescope by
pushing the switch too hard.

SUMMARY OF THE INVENTION

It 1s therefore, an object of the present invention to
provide an improved surveying instrument provided with a
sighting telescope having an auto-focusing function which 1s
casy (o operate.

For the above object, according to the present invention,
there 1s provided a surveying instrument, which includes: a
telescope utilized for sighting at an aiming point; an auto-
focusing system that executes an auto-focusing operation for
automatically adjusting focusing condition of the telescope;
a supporting member that movably supports the telescope; a
movement detection system that detects moving status of the
telescope; and a controlling system that controls the auto-
focusing system to perform the auto-focusing operation in
accordance with a moving status of the telescope.

With this constitution, since the auto-focusing system 1s
operated automatically, operability of the surveying instru-
ment 1s improved, without the defects of the prior art. Thus,
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the surveying instrument 1s easy to operate, and further
unintentional operation such as pushing of wrong buttons
and/or unintentional turning of the telescope can be pre-
vented.

Optionally, the supporting member may allow vertical
rotation and/or horizontal rotation of the telescope.

Further optionally, the movement detection system may
detect a moving speed of the telescope, the moving speed
being defined as a moving amount within a predetermined
unit period.

Thus, it 1s possible to determine whether the telescope 1s
quickly moved for a rough sighting or slowly moved for a
fine sighting can be determined based on the detected
moving speed. The moving speed may be detected with use
of an encoder, as an amount of movement or rotation of the
telescope within a unit period. Such an amount represents an
angular speed or rotation speed of the telescope.
Alternatively, 1t may also be possible to use a device for
directly measuring the angular speed or the rotation speed.

It 1s possible that the controlling system categorizes
moving speeds of the telescope into a plurality of ranges,
and determines a range where the detected moving speed 1s
included, and that the controlling system controls the auto-
focusing system 1n accordance with the range where the
detected moving speed 1s included.

In this case, the plurality of ranges may include first,
second and third ranges, a moving speed included in the first
range being slower than that included in the second range,
a moving speed 1ncluded in the second range being slower
than that included i the third range, and wherein the
controlling system controls the auto-focusing system to
perform the auto-focusing operation whenever the moving
speed detected by the detecting system 1s included 1n the
second range.

Optionally, the controlling system may control the auto-
focusing system to perform the auto-focusing operation by
a predetermined times when a previously detected moving
speed 15 1ncluded 1n the second range or third range, and a
currently detected moving speed 1s included in the first
range.

With this constitution, the power consumption of the
auto-focusing system 1s reduced 1n comparison with a case
where the auto-focusing system operates continuously, since
the auto-focusing operation 1s performed only when 1t 1s
necessary.

Alternatively or optionally, the plurality of ranges may
include first, second, and third ranges, a moving speed
included 1n the first range being slower than that included in
the second range, a moving speed included in the second
range being slower than that included 1n the third range, and
the controlling system may control the auto-focusing system
to perform the auto-focusing operation mtermittently while
the moving speed 1s 1ncluded 1n the second range.

In this case, the frequency of the auto-focusing
operations, which are performed while the moving speed 1s
included 1n the second range, 1s greater as the moving speed
1s slower.

Further optionally, the second range may be divided into
a first sub-range and a second sub-range. In this case, a first
or a second frequency 1s selected depending on whether the
moving speed 1s included 1n the first sub-range or the second
sub-range.

Alternatively, the moving speed of the telescope may be
divided into a first and a second ranges, a moving speed
included 1n the first range being slower than that included in
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the second range, and the controlling system controls the
auto-focusing system to perform the auto-focusing operation
only when the moving speed 1s included 1n the first range. In
this case, only one threshold value 1s referred to.

According to another aspect of the invention, there 1s
provided a surveying instrument, which includes: a tele-
scope ufilized for sighting at an aiming point; an auto-
focusing system that performs an auto-focusing operation
for automatically adjusting focusing condition of the tele-
scope; a supporting member that movably supports the
telescope; a movement detection system that detects, based
on a movement of the telescope, a moving status of the
telescope, the moving status including a rough sighting
status, a fine sighting status, and a suspended status; and a
controlling system that controls the auto-focusing system to
perform the auto-focusing operation in accordance with the
moving status detected by the movement detection system.

Optionally, the controlling system may allow the auto-
focusing system to perform the auto-focusing operation
when the moving status of the telescope 1s the fine sighting,
status, while 1nhibit the auto-focusing system from perform-
ing the auto-focusing operation when the moving status of
the telescope 1s the rough sighting status.

Further optionally, the controlling system may control the
auto-focusing system to perform the auto-focusing operation
immediately when the moving status of the telescope has
changed to the suspended status, and inhibit the auto-
focusing operation thereafter, until the moving status of the
telescope 1s changed to the fine sighting status.

Since the auto-focusing system 1s controlled in accor-
dance with the moving status of the telescope, the auto-
focusing operation 1s executed only when 1t 1s necessary, and
1s not executed when 1t 1s unnecessary. Accordingly, oper-
ability of the surveying device 1s improved.

Further optionally, the controlling system may control the
auto-focusing system to perform the auto-focusing operation
continuously or intermittently while the moving status of the
telescope 1s the fine sighting status.

When the auto-focusing operations are executed
intermittently, the frequency thereof may be determined to
be greater as a moving speed of the telescope 1s faster.

Still optionally, the moving speed of the telescope, when
the moving status of the telescope 1s the fine sighting status,
may be divided into a plurality of ranges, and 1n this case,
the frequency of the auto-focusing operations may vary in
accordance with a range where the moving speed of the
telescope 1s included.

It should be noted that the surveying instrument according,
to the i1nvention may include a distance metering device
and/or a device that detects horizontal and elevational angles
between a reference point to an aiming point, with respect to
a predetermined station.

BRIEF DESCRIPTION OF THE
ACCOMPANYING DRAWINGS

FIG. 1 1s a partially sectioned front view showing a
surveying instrument according to a first embodiment of the
present invention;

FIG. 2 is a partially sectioned (taken from the line II—II
in FIG. 1) side view of the surveying instrument;

FIG. 3 1s a block diagram showing a part of a system of
an the surveying instrument;

FIG. 4 1s a flowchart showing a process performed 1n an
AF controller of the first embodiment;

FIG. § 1s a flowchart showing a process performed 1n an
AF controller of the second embodiment; and
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FIG. 6 1s a flowchart showing a process performed 1n an
AF controller of the third embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

A total station to which embodiments of the invention are
applicable will be described firstly, and then three embodi-
ments will be described 1n detail with reference to the
accompanying drawings. The total station 1s defined as an
instrument having a function of distance metering instru-
ment for measuring a distance, and a function of theodolite
for measuring horizontal and elevational angles.

First Embodiment

FIG. 1 1s a partially sectioned front view of a total station
100 according to an embodiment of the present invention,

and FIG. 2 1s a partially sectioned side view, taken along line
[I—II 1n FIG. 1, of the total station 100.

As shown 1n FIGS. 1 and 2, the total station 100 1s

provided with a leveling board 4, a stage 3, a U-shaped
support 2, and a grip 5.

A telescope unit 1 1s rotatably supported by the U-shaped
support 2. The telescope unit 1 includes a telescope 11 and
an clectronic distance metering unit 12. By sighting the
telescope unit 1 on an aiming point, where a reflector (corner
cube) i1s placed, the distance to the aiming point and the
horizontal and vertical angles between a predetermined
reference point and the aiming point are measured.

Specifically, the electronic distance metering unit 12
measures a distance to the target, which 1s located on the
optical axis of the telescope 11, by emitting modulated light
beam to the reflector and receiving the reflected beam, via an
objective lens 111 of the telescope 11.

As shown 1n FIG. 2, the telescope 11 has an objective lens
111, a dichroic prism 112, a focusing lens 113, a beam
splitter 114 for AF sensor, a covering glass 115, a cross hair
focusing plate 116, and an eyepiece 117.

L1 denotes the optical axis L1 of the objective lens 11, and
will also be referred to as a sighting axis.

The dichroic prism 112 has a beam splitting surface 1124
which 1s inclined by 45 degrees with respect to the sighting
axis 1. The beam splitting surface 112a reflects 100% of
incident infrared light, and allows 100% of incident visible
light to pass therethrough.

The focusing lens 113 1s a negative lens having a shorter
focal length than the objective lens 111. The focusing lens
113 1s held 1n a barrel 14. The barrel 14 1s movable, together
with the focusing lens 113, along the sighting axis L1 for
focusing.

Specifically, on the outer circumierential surface of the
barrel 14, a rack 14a, which extends 1n parallel with the
sighting axis L1, 1s formed. The rack 144 1s engaged with a
pinion 154 which 1s driven by a focusing lens driving unit
15. As the focusing lens driving unit 15 rotates the pinion
15a, the focusing lens 113 moves back and forth (right-and-
left direction in FIG. 2) along the sighting axis L1, and the

image plane moves 1n a direction parallel to the sighting axis
L1.

The beam splitter 114 has a beam splitting surface 1144
which 1s inclined by 45 degrees with respect to the sighting
axis 1. The beam splitting surface 114a retlects a part of
incident light, and allows the remaining to pass there-
through.

The cross hair focusing plate 116 1s a parallel glass plate,
which has cross hairs on a surface (i.€., an image receiving
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plane) facing the covering glass 115. The crossing point of
the cross hairs indicates the center of the field of view of the
In telescope 11. The covering grass 115 1s also a parallel
glass plate, which prevents particles of dust from adhering
on the 1mage receiving plane of the cross hair focusing plate

116.

The eyepiece 117 has a group of lenses and exhibits a
positive power. Through the eyepiece 117, the operator
observes the enlarged 1mage of the cross hairs as well as the
image formed on the 1mage receiving plane of the cross hair
focusing plate 116.

A distance to the aiming point 1s measured with the
electronic distance metering unit 12. It should be noted that
when the distance to the aiming point 1s measured, the
sighting axis L1 1s aligned to intersect the aiming point. The
clectronic distance metering unit 12 1s arranged on an optical
path which 1s deflected upwardly by the dichroic prism 112.
The electronic distance metering unit 12 emits a periodically
amplitude-modulated infrared light beam to the dichroic
prism 112. The modulated light beam 1s reflected by the
beam splitting surface 112a, and directed, via the objective
lens 111, to the reflector (i.e., the corner cube) located at the
aiming point. The light beam 1s then reflected by the
reflector, passing through the objective lens 111, reflected by
the beam splitting surface 1124, and 1s incident on the
clectric distance metering unit 12. The electric distance
metering unit 12 detects a phase difference between the
emitted light beam and the received light beam, and trans-
mits the detected phase difference to a control circuit 26 (an
electric distance metering unit controller 121).

The objective lens 111 functions, on one hand, as a
collimating lens which collimates the light beam emitted by
the electric distance metering unit 12 and directing the light
beam toward the reflector as a parallel light beam, and, on
the other hand, as a collecting lens for collecting the light
beam reflected by the reflector and directing the reflected
beam to the dichroic prism 112 as a converging beam.

A focusing sensor 16 1s arranged on another optical axis
split by the beam splitter 114. The focusing sensor 16 is
widely employed 1n auto-focusing systems for single lens
reflex cameras, and uses a phase difference detecting
method. The focusing sensor 16 detects a defocus amount
with respect to the image receiving plane (a plane conjugate
therewith) of the cross hair focusing plate 116. A defocus
signal, which represents the defocus amount, 1s transmitted
from the focusing sensor 16 to the control circuit 26.

As shown 1n FIG. 1, on the top and the bottom portions
of the telescope umt 1, two sighting scopes 13, cach of
which has an optical axis parallel to the sighting axis L1, are
provided.

On the both side surfaces of the telescope unit 1, a pair of
vertical rotation shafts 1a and 1b, which have the common
rotation axis, are protruded.

At the U-shaped portion 2a of the support 2, the telescope
unit 1 is vertically rotatably supported. A bearing (not
shown) for receiving the rotation shaft 15 is provided on the
inner side of the right-hand side member of the support 2 in
FIG. 1. On the mner side of the left-hand side member of the
support 2 1n FIG. 1, a hole 2b 1s formed. A cylindrical sleeve
21 1s fitted into the hole 2b. Further, another sleeve 22 1s
fitted 1n the sleeve 21. The sleeve 22 1s constituted to have
a cylindrical part 22a, an outer flange 22b, and a fitting part
22c¢. The cylindrical part 22a 1s rotatably fitted into the
sleeve 21.

An anti-slip-off ring 25 1s screwed onto a thread formed
on the outer circumferential surface of the fitting part 22¢ in
order to prevent the sleeve 22 from slipping off the sleeve

21.

10

15

20

25

30

35

40

45

50

55

60

65

6

The rotation shaft 1a 1s fitted into the fitting part 22¢, and
unitarily fixed to the fitting part 22c.

With the constitution described above, the telescope unit
1 1s supported by the support 2, and rotatable about the
horizontal axis. Further, the sleeve 22 rotates as the tele-
scope unit 1 rotates.

A rotational scale 23, made of transparent parallel plate,
1s provided on the outer side of the outer flange 225b. On the
rotational scale 23, radially extending graduation lines are
formed at equal intervals.

A vertical encoder unit 24 1s mounted, on the outer flange
unitarily formed on the sleeve 21, for reading the graduation
lines on the rotational scale 23. The vertical encoder unit 24
includes an LED (light emitting diode) 244 and a collimator
lens 243 for emitting a parallel light beam towards the
rotational scale 23, a sub scale plate 241 located on the
opposite side, a with respect to the rotational scale 23, to the
collimator lens 243, and a light receiving circuit 242 which
receives the light beam passed through the rotational scale
23 and the sub scale plate 241. The LED 244, collimator lens
243, the sub scale plate 241, the light receiving circuit 242
are supported by a flange member.

The sub scale 241 1s a transparent parallel plate, and has
two trains of radial graduation lines at the same intervals as
the graduation lines of the rotational scale 23. The two trains
of radial graduation lines are inner train and outer train, and
they have phase difference of one quarter of an interval of
the graduation lines.

The light receiving circuit 242 has two light receiving
clements which receive light beams passed through the two
trains (i.e., the ner and outer trains) of graduation lines on
the sub scale plate 241, respectively. Two signals generated

by the light receiving elements are transmitted to the control
circuit 26.

With the constitution described above, 1n accordance with
the rotation of the telescope unit 1, as the rotational scale 23
rotates, two signals having a phase difference of one-quarter
an 1nterval are generated by the vertical encoder unit 24, and
the two signals are transmitted to the control circuit 26. The
control circuit 26 detects the amount and the direction of the
vertical rotation of the telescope unit 1 based on the two
signals transmitted from the vertical encoder unit 24.

On the upper surface of the stage 3, a hole 3a 1s formed.
In the hole 3a, the lower end of a sleeve 30, having an outer
flange 30a at 1ts upper end portion, 1s fitted into the hole 3a.
On the rim of the outer flange 30a, a main rotational scale
plate 31, which i1s a transparent parallel plate, 1s fixedly
provided. On the main rotational scale plate 31, radial
oraduation lines are formed at even intervals.

A shaft 27 1s rotatably inserted into the sleeve 30. The
lower end of the shaft 27 1s protruded from the lower end of
the sleeve 30, and exposed to the mner surface of the hole
3a. On the outer circumierential surface of the lower end
portion of the shaft 27 which 1s protruded from the lower end
of the sleeve 30, a thread 1s formed, onto which an anti-
slip-off ring 32 1s screwed. The upper end of the shaft 27 1s
fitted into a cavity 2c¢ formed on the bottom surface of the
support 2, and fixed thereto.

With the constitution described above, the support 2 1s
mounted on the stage 3, and 1s rotatable about a vertical axis.
In accordance with the rotation of the support 2, the shatt 27
rotates relative to the main rotational scale 31.

An outer flange 27a 1s formed at the upper end portion of
the shaft 27. The outer flange 27a faces the outer flange 304
of the sleeve 30. On the rim of the outer flange 274, a sub
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scale 28 1s fitted. The sub scale 28 is a transparent parallel
plate and has substantially the same shape as that of the main
scale plate 31. The sub scale 28 has two trains of radial
oraduation lines at the same intervals as that of the main
rotational scale 31. Two trains of radial graduation lines
include the mner train and the outer train, and they have a
phase difference of one-quarter an interval of the graduation
lines of the main scale 31.

Ahorizontal encoder unit 29 1s secured on the outer flange
27a. The horizontal encoder unit 29 1s utilized to read the
radial graduation lines on the main rotational scale 31. The
horizontal encoder unit 29 includes an LED (light emitting
diode) 291 and a collimator lens 292 for emitting a light
beam towards the main rotational scale 31, and a light
receiving circuit 293 for receiving the light beam passed
through the main rotational scale 31 and the sub scale 28.
The LED 291, collimator lens 292 and the light receiving

circuit 293 are mounted on a flange member.

The light receiving circuit 293 has two light receiving
clements respectively for receiving the light beams passed
through the two trains (i.e., the inner and outer trains) of
scales on the sub scale plate 31. Two signals respectively
ogenerated by two light receiving elements are transmitted to
the control circuit 26.

With the constitution described above, 1n accordance with
rotation of the support 2, the shaft 27 rotates, together with
the horizontal encoder unit 29, relative to the main rotational
scale 31, two signals having one-quarter phase difference are
ogenerated, and the signals are transmitted to the control
circuit 26. The control circuit 26 detects the amount and the
direction of the horizontal rotation of the support 2 in
accordance with the signals generated by the horizontal
encoder unit 29.

As shown 1n FIG. 2, on the front and rear surface of the
support 2, two operation panels 6 are provided. Various data
and operation commands can be 1nput through the panels 6,
and data and messages output by the control circuit 26 are
displayed on a display area of each operation panel 6.

A vertical fixing screw 7, which 1s provided on the rear
surface of the support 2, 1s a screw for fasteming and
releasing a vertical clamp mechanism (not shown) which
restricts rotation of the shaft 1b relative to the support 2.
When the vertical fixing screw 7 1s fastened, the telescope
unit 1 can not be rotated 1n a vertical direction by external
forces.

A horizontal fixing screw 9 (see FIG. 1), which is pro-
vided on the side surface of the support 2, 1s a screw for
fastening and releasing a horizontal clamp mechanism (not
shown) which restricts the rotation of the support 2 relative
to the sleeve 30. When the horizontal fixing screw 9 1is
fastened, the telescope unit 1 can not be rotated 1 a
horizontal direction by external forces.

A vertical tangent screw 8, which 1s provided coaxially
with the vertical fixing screw 7, 1s utilized to slowly rotate
the telescope unit 1 vertically with respect to the support 2.
By turning the vertical tangent screw 8, a vertical rotational
position of the telescope unit 1 can be adjusted precisely.

A horizontal tangent screw 10, which 1s provided coaxi-
ally with the horizontal fixing screw 9, 1s utilized to rotate
the telescope unit 1 horizontally with respect to the stage 3.
By turning the horizontal tangent screw 10, a horizontal
rotational position of the telescope unit 1 can be adjusted
precisely.

In the upper part of the support 2, over the U-shaped
portion 2a, the grip § 1s detachably mounted. When an
aiming point 1s located above the total station, the operator
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can remove the grip § from the support 2 so that the view of
the telescope unit 1 will not be obstructed. Further, when an
angle formed between an upper-front point and an upper-
rear point 1s to be measured, the operator can also detach the
or1p 5 from the support 2 so that swinging movement of the

telescope unit 1 will not be interfered with by the grip 5.

The leveling board 4 mcludes an upper plate 4a, a lower
plate 4b, and three leveling screws 40 provided between the
upper and lower plates 4a and 4b. The leveling screws 40 are
provided at equal angular intervals between peripheral por-
tions of the upper and lower plates 4a and 4b. Each leveling
screw 40 has a projection, extension amount of which can be
varied by turning the leveling screw 40. By adjusting the
extension amount of the projection of each of the leveling
screws 40, the upper plate 4a 1s made 1nclined with respect
to the lower plate 4b so that the vertical rotation axis (L.2) of
the shaft 27 coincides with the direction of gravity.

With the constitution described above, the telescope unit
1 can be aimed to any desired direction. The direction 1n
which the telescope unit 1 1s aimed can be detected as
horizontal and elevational angles based on the output signals
of the vertical encoder unit 24 and the horizontal encoder
unit 29.

Control Circuit

The control circuit 26 for controlling the AF (Auto-Focus)
operation will be described 1n detail hereinafter.

The electronic distance metering unit 12, provided 1n the
telescope unit 1, is connected to the control circuit 26, which
1s provided 1n the support 2, via a wire w passing through a
hole formed 1n the center of the cylindrical part 22a of the
sleeve 22 (see FIG. 1). A focusing lens driving unit 15, a
focus point sensor 16, the vertical encoder unit 24, the
horizontal encoder unit 29, and the operation panels 6 are
also connected to the control circuit 26.

The control circuit 26 controls the electronic distance
metering unit 12 to operate 1n accordance with the com-
mands mputted through the operation panels 6, and receives
the phase difference information representative of the dis-
tance to the object (i.e., the aimed point) which is located on
the sighting axis L1. Based on the phase difference
information, the control circuit 26 calculates the distance to
the object, and displays the results 1 the display screens of
the operation panels 6. Further, based on the signals trans-
mitted from the vertical encoder unit 24 and the horizontal
encoder unit 29,the control circuit 26 calculates the eleva-
tional angle and the horizontal angle of the sighting axis L1
with respect to a reference direction at which the angles are
set to zero.

FIG. 3 1s a block diagram showing a constitution of a part
of a control circuit 26 related to the auto-focusing function.

The control circuit 26 includes, as shown m FIG. 3, a
pulse generator 261, a timer 262, a counter 263, and an AF
(Auto-Focus) controlling unit 265.

The pulse generator 261 receives the signals (sine waves)
output by the encoder units 24 and 29, detects the phases of
the received signals, generates four pulses at every one cycle
of the pair of signals received from the encoder unit 24 and
29, and outputs the pulses to the AF controller 265. The
timer 262 generates twelve pulses within a predetermined
unit time (t), and transmits the pulses to the counter unit 263.
[t should be noted that the number of the pulses (twelve),
generated within a unit time, may be varied optionally.

The counter unit 263 counts the number of the pulses
transmitted from the pulse generator 261 within a duration
(t) within which the twelve pulses are transmitted from the
timer 262. That 1s, the counter unit 263 counts the number
(p) of the pulses within a unit time (t). Therefore, the number
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(p) corresponds to the rotated angle or moving speed within
the unit time (t).

In other words, the numbers counted by the counter unit
263 correspond to a vertical angular speed or rotation speed
of the telescope unit 1 relative to the support 2 (when the
signal transmitted from the encoder 24 is processed), and a
horizontal angular speed or rotation speed of the support 2
relative to the stage 3 (when the signal transmitted from the
encoder 29 is processed). The numbers (P) of the pulses
counted by the counter unit 263 are transmitted to the AF
controlling unit 2635.

The AF controlling unit 265 controls the focusing lens
driving unit 15 to move the barrel 14 (and therefore the
focusing lens 113) in accordance with the numbers of the
pulses transmitted from the counter unit 263 and the defocus
information transmitted from the focus point sensor 16.

FIG. 4 1s a flowchart showing a process performed by the
AF controlling unit 265 according to the first embodiment.

The process shown 1 FIG. 4 starts when the power 1s
supplied. Firstly, the AF controlling unit 265 receives the
number (P) of the pulses from the counter unit 263 (501) As
described above, the number (P) represents the vertical or
horizontal angular speed of the telescope unit 1. In the
following description, processes regarding the vertical direc-
tion and the horizontal direction are not separately
described, the same processes are executed for both
directions, alternately or simultaneously. Therefore, the
number (P) in the following description and drawings should
be interpreted either the number (P) representing the vertical
rotation or the horizontal rotation. It should be noted that, in
the same flowchart, the number (P) should be interpreted in
the same manner.

In S02, the AF controlling unit 265 determines whether
the number (P) is less than or equal to a first reference value
R1. In this embodiment, the first reference value R1 corre-
sponds to a first reference angular speed V1. In this
embodiment, the first angular speed V1 equals 0' (minute)/
sec. Thus, 1n S02, 1t 1s determined whether the telescope unit
1 is moved or not. If the number (P) is greater than the first
reference value R1 (i.e., if the telescope unit is being moved)
(S02: NO), control goes to S06.

In S02, if it is determined that the number (P) is less than
or equal to the first reference value R1 (502: YES), then the
AF controlling unit 265 performs an auto-focusing operation
(S03). That 1s, the AF controlling unit 265 controls the focus
point sensor 16 to start operating, receives the mformation
representative of a defocus amount from the focus point
sensor 16, calculates the amount and the direction of move-
ment of the focusing lens 113 1n order to compensate for the
defocus amount, and then controls the focusing lens driving
unit 15 to move the focusing lens 113 by the calculated
amount.

It should be noted that, 1n S03, the auto-focusing opera-
tion 1s performed once (not continuously). When the auto-
focusing operation has been performed, the defocus amount
1s reduced to an allowable amount. After the auto-focusing
operation has been performed 1 S03, control goes to S04.

In S04, the AF controlling unit 265 receives the number
(P) of the pulses successively transmitted from the counter
unit 263. Then, in SOS, 1t 1s determined whether the number
(P) exceeds the first reference value R1 (which corresponds
to the angular speed of 0'/s). That is, in S0S, it is determined
whether the telescope unit 1 1s being moved.

If the telescope unit 1 1s not being moved, a loop of steps
S04 and SO0S is repeatedly executed (i.e., the successive
number (P) is received and compared with the first reference
value R1) until the received number (P) exceeds the first
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reference value R1 (i.e., until it 1s determined that the
telescope unit 1 is being moved).

When the number (P) is greater than the first reference
value R1 (S05: YES), i.e., when the telescope unit 1 is

moved, control goes to S06.

In S06, the next number (P) is received, and it is
determined, in SO07, whether the number (P) is less than or
equal to the first reference value R1 (i.e., it 1s determined
whether the telescope unit 1 is being moved).

[f the number (P) is less than or equal to the first reference
value R1 (YES: S07), the auto-focusing operation 1is
executed (S11) to reduce the defocus amount to the allow-
able amount. Then, control returns to S04, in which the
number (P) successively transmitted from the counter unit

263 1s received again. It should be noted that, when controls
proceeds from S05 to S07 through S06, 1t 1s likely that the

received number (P) is greater than the first reference value
R1. However, when control proceeds from S08 to SO07
through S06, the telescope unit 1 may have been moved and
stopped. In such a case, control proceeds from S06 to S11

through S07.
In S07, if the number (P) 1s greater than the first reference

value R1 (NO: S07), i.e., if the telescope unit 1 1s moved,
control goes to SO8.

In S08, it is determined whether the number (P) is greater
than the first reference value R1 and less than or equal to a
second reference value R2. As described above, the refer-
ence value R1 corresponds to the angular speed of 0'/sec. In
the first embodiment, the second reference value R2 corre-
sponds to an angular speed of 20'/sec. which 1s considered
to be a threshold between angular speeds of a fine sighting
and a rough sighting. If 1t 1s determined, in S08, that the
number (P) is greater than the first reference value R1 and
less than or equal to the second reference value R2 (YES:
S08), i.c., if the telescope unit 1 is being moved at the
angular speed of the fine sighting, the auto-focusing opera-
tion 1s executed (S09). Then, the AF controlling unit 265
receives the successive number (P) again (S10). Thereafter,
control returns to S08 to determine whether the telescope
unit 1 1s moved or not, and i1if moved, whether the rough
sighting 1s performed or the fine sighting 1s performed. As
far as the number (P) is greater than the first reference value
R1 and less than or equal to the second reference value R2,
1.€., as far as the telescope unit 1 1s moved for fine sighting,
the auto-focusing operation 1s executed repeatedly, or con-
tinuously.

If, in SO8, it is determined that the number (P) is not
orcater than the first reference value RI, or 1s greater than the
second reference value R2 (NO: S08), i.c., if the telescope
unit 1 1s not moved, or moved at the angular speed of the
rough sighting, control returns to S06. If the telescope unit
1 1s kept moved for the rough sighting, a loop of S06, S07
and SO8 1s repeated. Therefore, during the rough sighting,
the auto-focusing operation 1s not executed.

Operation of the First Embodiment

The operation of the total station 100 according to the first
embodiment will be described hereinafter.

Firstly, the operator places the reflector at an aiming point,
installs the total station at a measuring station, and turns on
the main switch of the total station.

When the main switch 1s turned on, the process shown 1n
FIG. 4 1s mitiated. The AF controlling unit 265 receives the
number (P) from the counter unit 263 (S01). Then, it is
determined whether the telescope unit 1 1s being moved
(S02).

[f the telescope 1 is not moved (S02: YES), and the
auto-focusing operation is executed (S03) so that the defo-
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cus amount 1s reduced to the allowable amount. If the
telescope unit 1 is being moved (S02: NO), control goes to

S06.

After the auto-focusing operation has been executed
(S03), the operator may sight the telescope 11 on the aiming
point (i.e., the reflector). At the initial stage of sighting
(rough sighting), the telescope unit 1 is to be roughly moved.
Accordingly, the sighting scope 13, which has a wider field
of view than the telescope 11, 1s used for sighting the
telescope unit 1 at the reflector. For the rough sighting, the
telescope 11 may be moved by a relatively large amount.
Since the moving amount of the telescope unit 1 using the
tangent screws 8 and 10 1s relatively small, the operator may
release the fixing screws 7 and 9, and adjusts the direction
of the telescope unit 1 by manually moving the telescope 11.

During this rough sighting, the control circuit 26 (the
counter unit 263) counts the number of the pulses generated
in accordance with movement of the telescope unit 1 with
respect to the support 2, based on the signals transmitted
from the vertical encoder unit 24 and the horizontal encoder
unit 29, respectively. In this process, if the telescope unit 1
is moved directly by hand, the number (P) is greater than the
second reference value R2 which 1s greater than the first
reference vaue R1 (YES: S05; NO: S07; NO: S08; NO: S07;
NO: S08; . . . ). Therefore, the auto-focusing is not executed
while the telescope unit 1 being moved directly by hand, or
rough sighting 1s executed.

After the rough sighting has been finished, the operator
fastens the fixing screws 7 and 9 1n order to prevent the
telescope unit 1 from being turned by external forces.

During this fastening operation, the telescope unit 1 1s not
moved (YES: S07), and the auto-focusing operation (S11) is
performed once. Thereafter, the number (P) is received

(S04) and examined (S0S5). The loop of S04 and S05 (NO)
1s repeated as far as the telescope unit 1 remains unmoved.

As described above, when the rough sighting 1s
performed, the auto-focusing operation is not executed, and
when the rough sighting has been finished and the telescope
unit 1 1s stopped, the auto-focusing operation 1s executed
once. Thereafter, the auto-focusing operation 1s not executed
as far as the telescope unit 1 remains unmoved. Since the
rough sighting 1s executed using the sighting scope 13, 1t 1s
not necessary to execute the auto-focusing operation. Thus,
as described above, during the rough sighting, the auto-
focusing operation 1s not executed. After the rough sighting
has been finished, the fine sighting will be executed with use
of the telescope 11. Thus, when the telescope unit 1 1is
stopped, the auto-focusing operation i1s executed once. As far
as the telescope 1s unmoved, 1t 1s not necessary to execute
the auto-focusing operation repeatedly or continuously, and
thus, as described above, after the auto-focusing operation
has been executed once, control repeats the loop of S04 and
S05 and does not execute the auto-focusing operation until
the telescope unit 1 1s moved again.

With this control, the operator 1s able to obtain an 1n-focus
image as well as the image of the cross hairs through the
eyepiece 117 when the fine sighting 1s performed without
operating any switch.

After the rough sighting has been finished and the opera-
tor fastens the fixing screws 7 and 9, the fine sighting can be
performed using the telescope 11 as a sighting scope. The
fine sighting 1s done by moving the telescope unit 1 using the
tangent screws 8 and 10 and locate the aiming point (i.¢., the
reflector) at the crossing point of the cross hairs.

During the fine sighting, the number (P) is greater than the
first reference value R1 and less than or equal to the second
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reference R2 (YES: S08). Therefore, the loop of S08, S09
and S10 1s repeatedly executed, and accordingly, the auto-
focusing operation 1s repeatedly executed. Thus, during the
fine sighting process, the operator 1s able to observe an
in-focus 1mage of the object as well as the cross hairs,
without operating any switch.

It should be noted that, even if the fine sighting 1s done by
moving the telescope unit 1 directly by hand (not with
tangent screws 8 and 10), the auto-focusing operation is
repeatedly performed since whether the auto-focusing
operation 1s to be done 1s determined based on the number
(P), which corresponds to the moving speed of the telescope
unit 1.

When the fine sighting has been completed, and the
operator stops turning the tangent screws 8 and 10 (or stops
moving the telescope unit 1 if the telescope unit 1 has been
moved by hand), the number (P) becomes less than or equal
to the first reference value R1 (S08: NO and S07: YES).
Then, the auto-focusing operation i1s performed i S11,
control goes to S04. Since the telescope unit 1 1s not being
moved at this stage, the loop of S04 and S05 1s repeated.

As described above, during the fine sighting, the auto-
focusing operation 1s repeatedly, or continuously executed.
When the fine sighting has been finished and the telescope
unit 1 1s stopped, the auto-focusing operation 1s executed
once 1n S11, and thereafter, the auto-focusing operation is
not executed as far as the telescope unit 1 stays unmoved.

If measurement with respect to another aiming point 1s to
be performed, the operator releases the tangent screws 7 and
9, and then turns the telescope 11 towards another aiming,
point. In this case, it 1s determined that the number (P)
received 1n S04 1s greater than the first reference value R1
(S05: YES), and control goes to S06. Since the telescope
unit 1 1s being moved, control further proceeds from SO7 to
S08. Thereatter, as described above, if the rough sighting 1s
performed, the auto-focusing operation 1s not executed. If
the rough sighting 1s finished and the telescope unit 1 is
stopped, the auto-focusing operation 1s executed once in
S11. Thereafter, if the fine sighting 1s performed, the loop of
SO08 through S10 is repeated and the auto-focusing operation
1s executed continuously.

During the operation described above, the control circuit
26 also detects the direction of the reflector placed at the
aiming point as the vertical (elevational) and the horizontal
angles of the sighting line L1 based on the signals from the
encoder units 24 and 29, and displays the angles on the
displaying devices of the operation panels 6. If the operator
mnputs a command for initiating the distance metering
through the operation panels 6, the control circuit 26 con-
trols the electronic distance metering unit 12 to start distance
metering. In response to the phase difference signal trans-
mitted from the electronic distance metering unmit 12, the
control circuit 26 calculates a distance to the reflector
located on the sighting axis L1, and displays the calculated
distance on the operation panels 6.

As described above, the total station does not perform the
auto-focusing operation when the telescope unit 1 1s moved
for the rough sighting. The auto-focusing operation 1s per-
formed once when the moved telescope 11 1s stopped, e.g.,
for fastening the fixing screws, which brings the telescope 11
into the in-focus condition. Then, when the fine sighting is
performed using the tangent screws (or by hand), the auto-
focusing operation 1s continuously executed.

Thus, the total station performs the auto-focusing without
operating any switch when the auto-focusing operation 1s
required, e.g., when the fine sighting is executed. Further,
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the total station does not perform auto-focusing operation
when 1t 1s not required, e.g., when the rough sighting 1s
executed or when the telescope stays unmoved.

Therefore, the total station according to the first embodi-
ment 1S easy to operate, and improves the efficiency of
surveying operation. Further, erroneous operation of
switches and/or unintentional turning of the telescope can be
avolded. Furthermore, the total station according to the first
embodiment reduces the power consumption for the auto-
focusing operation since the auto-focusing operation 1s
performed only when it 1s necessary.

In the first embodiment described above, the total station
performs the auto-focusing operation once if the number (P)
1s less than or equal to the first reference value R1. However,
the number of times of the auto-focusing operations 1s not
limited to one but may be plural.

An operator may turn on the power switch after the rough
sighting has been finished. In such a case, as shown 1n FIG.
4, the number (P) 1s received (S01), and since the telescope
unit 1 1s not moving (S02: YES), the auto-focusing operation
1s executed once at S03. Thereafter, as far as the telescope
unit 1 remains unmoved, the loop of S04 and S05 1s
repeated. Thus, even when the operator turn on the power
switch after the rough sighting has been finished, the auto-
focusing operation has been finished when the operator
starts the fine sighting with use of the telescope 11.

Second Embodiment

The second embodiment of the present invention will be
described hereinafter.

The second embodiment 1s similar to the first embodiment
in terms of structure of the total station 100, but a process
executed by the AF controlling unit 265 1s different.
Therefore, only the process performed by the AF controlling
unit 265 according to the second embodiment will be

described.

FIG. 5 1s a flowchart showing a process performed by the
AF controlling unit 265 according to the second embodi-
ment.

The process shown 1n FIG. § starts when the main power
1s supplied. At first, the AF controlling unit 265 receives the
number (P) from the counter unit 263 (S20), and determines
whether the number (P) is less than or equal to the first
reference value R1. In the second embodiment, similarly to
the first embodiment, the first reference value R1 corre-
sponds to the angular speed of 0'/sec. If the number (P) is
orcater than the first reference value R1, 1.e., if the telescope
unit 1 1s being moved, control goes to S26.

If it is determined, in S21, that the number (P) is less than
or equal to the first reference value R1 (S21: YES), i.e., if the
telescope unit 1 1s not being moved, the auto-focusing
operation 1s executed once (522) so that the defocus amount
1s reduce to the allowable amount.

In S23, the AF controlling unit 265 receives the number
(P) from the counter unit 263. If the received number (P) is
less than or equal to the first reference value R1 (S24: NO),
1.€., 1f the telescope unit 1 1s not moved, control returns to
S23. Thus, a loop of 523 and S24 is repeated until the
telescope unit I 1s moved, and during the loop, the auto-
focusing operation 1s not executed. When the telescope unit
1 is moved, i.e., when the number (P) is greater than the first

reference value R1 (S24: YES), control goes to S25.

In S25, the AF controlling unit 265 receives the number
(P) from the counter unit 263. Then, in S26 through S31, the
received number (P) is categorized in accordance with
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reference values R1 through R3. The first reference value R1
corresponds to the angular speed of 0'/sec., the third refer-
ence value R3 corresponds to a threshold between angular
speeds of the rough sighting and the fine sighting, and the
third reference value corresponds to the angular speed of
20'/sec. In the second embodiment, the fine sighting can be
performed at two different angular speeds. The second
reference value R2 corresponds to an angular speed which 1s
a threshold between the two angular speeds for faster and
slower fine sighting operations. The second reference value
R2 corresponds to an angular speed of 10'/sec.

[f the number (P) is greater than the third reference value
R3 (826: YES), control goes to S2§ and the AF controlling
circuit 165 receives the next number (P).

[f the number (P) is less than or equal to the third
reference value R3 and greater than the second reference
value R2 (S26: NO; S27: YES), the a first intermittent

auto-focusing operation is executed (528), and control goes
to S25.

If the number (P) is less than or equal to the second
Ireference value R2 and greater than the first reference value
R1 (S26: NO; S27: NO; S29: YES), then a second intermit-
tent auto-focusing operation is executed (S30), and control
goes 1o S25.

[f the number (P) is less than or equal to the first reference
value R1 (826:NO; S27:NO; S29:NO), then the auto-

focusing operation 1s executed 1in S31, and control goes to
S23.

Controlled as above, when the telescope unit 1 1s moved
for the rough sighting, the number (P) 1s greater than the
third reference value R3, and accordingly, the loop of S25§
and S26 1s repeated.

When the fine sighting 1s performed at the faster angular
speed (i.e., R2<P=R3), the first intermittent auto-focusing
operation is executed (S28). The first intermittent auto-
focusing operation 1s an operation for executing the auto-
focusing operation as described 1n the first embodiment at
every predetermined period Al (e.g., 1 second) while the

loop of S2§, S26, S27 and S28 1s repeated.

When the fine sighting 1s performed at the slower angular
speed (i.e., R1<P=R2), the second intermittent auto-
focusing operation is executed (S30). The second intermit-
tent auto-focusing operation 1s an operation for executing
the auto-focusing operation as described 1n the first embodi-
ment at every predetermined period A2 (e.g., 2 second)
while the loop of S25, S26, S27, S29 and S30 1s repeated. It
should be noted that A2 1s preferably longer than Al.

When the telescope unit 1 is not moved, the number (P)
1s less than or equal to the first reference value R1, and
accordingly, the auto-focusing operation 1s executed once at
S31, and then the loop of S23 and S24 1s repeated until the

telescope unit 1 1s moved.

As above, 1n the second embodiment, when the rough
sighting 1s performed, the auto-focusing operation 1s not
executed, when the faster fine sighting 1s performed, the
auto-focusing operation 1s executed at every predetermined
period Al, when the slower fine sighting 1s performed, the
auto-focusing operation 1s executed at every predetermined
period A2, and when the telescope unit 1 1s stopped, the
auto-focusing operation 1s executed once, and thereatter, the
auto-focusing operation 1s not executed as far as the tele-
scope unit 1 stays unmoved.

Operation of the Second Embodiment

Operation of the total station according to the second

embodiment will be described.
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At first, the operator places the reflector at the measured
point, 1nstalls the total station at the station, and turns on the

main switch of the total station. Then the process shown 1n
FIG. 5 1s started.

Firstly, the AF controlling unit 2635 receives the number
(P) from the counter unit 263 (S20). If the telescope unit 1
is not moved (S21: YES), the auto-focusing operation is
executed (S22). According to the process above, even if the
operator turns on the power switch not before the rough
sighting 1s executed, but after the rough sighting has been
completed, it 1s ensured that the auto-focusing operation 1s
executed.

Generally, as described above, the operator moves the
telescope 11 by hand with the fixing screws 7 and 9 released.
Therefore, during the rough sighting, the telescope 11 1is
moved by a relatively large amount. Further, during the
rough sighting, the operator may observe through the sight-
ing scope 13 which has a wider field of view than the
telescope 11.

When the rough sighting operation 1s performed, the
number (P) exceeds the third reference value R3. Thus, the
auto-focusing operation 1s not executed when the number
(P) is greater than the third reference value R3, and a loop
of S25 and S26 repeated as far as the rough sighting is
performed.

After the rough sighting has been finished, the operator
fastens the fixing screws 7 and 9 in order to prevent the
telescope 11 from being turned by external forces. At this
stage, since the telescope 11 is not moved, the number (P) is
less than or equal to the first reference value R1 (S26:NO;
S27:NO; S29:NO). Thus, the auto-focusing operation is
executed 1n S31, and then control goes to S23, where the AF
controlling unit 265 receives another number (P).

Next, the operator performs the fine sighting with use of
the telescope 11. Since the auto-focusing operation 1is
executed once 1n S31, the operator 1s able to obtain an
in-focus 1mage through the eyepiece 117 when the fine
sighting 1s started, without operating any switch.

In the second embodiment, as the tangent screws 8 and 10,
ftwo-stage tangent screws, which enables two-stage fine
sighting: faster fine sighting and slower fine sighting, are
employed.

According to the second embodiment, during the faster
fine sighting (S26:NO; S27:YES), the auto-focusing opera-
tion 1s executed at every first period Al (528), e.g., at every
one second, and during the slower fine sighting (S26:NO;
S27:NO; S29:YES), the auto-focusing operation is executed
at every second period A2, e.g., at every two seconds.

Therefore, during either the faster or slower fine sighting,
the operator can obtain the in-focus 1image without operating
any switch.

After the fine sighting has been finished, the operator
stops operating the tangent screws 8 and 10 and the tele-
scope unit 1 is stopped (526:NO; S27:NO; S29:NO). At this
stage, the auto-focusing operation is executed once (in S31),
and thereafter the loop of S23 and 524 1s repeated until the
telescope unit 1 1s moved.

If the operator swings the telescope 11 after measurement
with respect to one aiming point has finished, the number of
pulses may exceed the third reference value R3, and the AF
controlling unit 265 does not perform the auto-focusing
operation.

During the above operation, the control circuit 26 also
detects the direction of the reflector placed at the aiming
point as the vertical (elevational) and the horizontal angles
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of the sighting line L1 based on the signals from the encoder
units 24 and 29, and displays the angles on the displaying
devices of the operation panels 6. If the operator mnputs a
command for inmitiating the distance metering through the
operation panels 6, the control circuit 26 controls the elec-
tronic distance metering unit 12 to start distance metering. In
response to the phase difference signal transmitted from the
clectronic distance metering unit 12, the control circuit 26
calculates a distance to the reflector located on the sighting
axis L1, and displays the calculated distance on the opera-
fion panels 6.

As described above, the total station does not perform the
auto-focusing operation when the telescope unit 1 1s moved
for the rough sighting. The auto-focusing operation 1s per-

formed once when the moved telescope 11 1s stopped, e.g.,
for fastening the fixing screws, which brings the telescope 11
into the in-focus condition. Then, when the faster or slower
fine sighting is performed using the tangent screws (or by
hand), the auto-focusing operation is executed at every first
or second period.

Thus, the total station performs the auto-focusing without

operating any switch when the auto-focusing operation 1s
required, €.g., when the fine sighting 1s executed. Further,
the total station does not perform the auto-focusing opera-
tion when it 1s not required, ¢.g., when the rough sighting is
executed or when the telescope stays unmoved.

Therefore, the total station according to the second
embodiment 1s also easy to operate, and improves the
efficiency of surveying operation. Further, erroneous opera-
tion of switches and/or unintentional turning of the telescope
can be avoided. Furthermore, the total station according to
the second embodiment also reduces the power consumption
for the auto-focusing operation since the auto-focusing
operation 1s performed only when 1t 1s necessary.

Further, in the second embodiment, although the number
(P) of pulses is compared with three reference values, and

categorized 1n 4 ranges, the number of ranges 1s not limited
to four, and can be changed.

Still further, although the auto-focusing operation 1s per-
formed only once when the number P becomes less than or
equal to the first reference value R1, 1t can be modified such
that two or more auto-focusing operations are performed 1n
such a condition.

Third Embodiment

The third embodiment of the present invention will be
described hereinafter.

The only difference between the third embodiment and
the first embodiment and/or the second embodiment, 1s the
sequence of the process that the AF controlling unit 265
performs. Therefore, only the process performed by the AF
controlling unit 265 will be described herein.

FIG. 6 1s a flowchart showing a process performed 1n the
AF controlling unit 265 according to the third embodiment.

The process shown 1n FIG. 6 1s started when the main
power 1s supplied. At first, the AF controlling unit 265
receives the number (P) counted by the counter unit 263
(S40), and judges whether the number (P) is less than or
equal to the first reference value R1, which corresponds to
the angular speed of 0'/sec. (S4l) Thus, in S41, it is
determined whether the telescope unit 1 1s being moved. It
the number (P) is greater than the first reference value R1

(S41:NO), 1.e., if the telescope unit 1 is moved, control goes
to S485.

If 1t 1s judged, in S41, that the number (P) is less than or
equal to the first reference value R1, 1.¢., 1f the telescope unit
1 1s not moved, the auto-focusing operation 1s executed

(S42).
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In S43, the AF controlling unit 265 receives the number
(P) from the counter unit 263 again. In S44, it is judged
whether 15 the (P) is greater than the first reference value
R1. While the number (P) is less than or equal to the first
reference value R1, 1.e., while the telescope unit 1 stays
unmoved, a loop of S43 and S44 1s repeated, and accord-
ingly the auto-focusing operation 1s not executed. If the
number (P) is greater than the first reference value R1, i.e.,
if the telescope unit 1 1s moved, control goes to S43.

In S45, the AF controlling unit 265 receives the number
(P) of the pulses detected by the counter unit 263. In S46, it
is judged whether the number (P) is less than or equal to the
first reference value R1, 1.e., 1t 1s judged whether the
telescope is being moved. While the number (P) is greater
than the first reference value R1, 1.¢., while the telescope unit
1 1s moved, a loop of S45 and S46 1s repeated, and therefore
the auto-focusing operation 1s not executed. If the number
(P) is less than or equal to the first reference value R1, i.e.,
if the telescope unit 1 1s stopped, control goes from S46 to
S47, and the auto-focusing operation 1s executed to reduce
the defocus amount up to the allowable amount. After the
focusing operation at S47, control goes back to S43. Then,
the loop of S43 and S44 1s repeated as far as the telescope
unit 1 stays unmoved.

Operation of the Third Embodiment

Operation of the total station 100 according to the third
embodiment will be described.

Firstly, the operator places the reflector at the measured
point, 1nstalls the total station 100 at the measuring station.

When the operator turns on the main switch of the total
station, the process shown 1n FIG. 6 1s started.

At first, the AF controlling unit 265 receives the number
(P) from the counter unit 263 (S40). If the number (P) is less
than or equal to the first reference value R1 (S41:YES), the
AF controlling unit 265 performs auto-focusing operation
(S42).

After the auto-focusing operation, the operator sights the
telescope 11 on the aiming point with use of the sighting
scope 13 which has a relatively wide field of view (rough
sighting).

During this rough sighting, the control circuit 26 (the
counter unit 263) counts the number of pulses, based on the
signals transmitted from the vertical encoder unit 24 and the
horizontal encoder unit 29. In this situation, the number of
pulses will exceed the first reference value R1. Thus, the AF

controlling unit 265 does not perform the auto-focusing
operation.

After the rough sighting, the operator fastens the fixing
screws 7 and 9 in order to prevent the telescope 11 from
being turned by external forces. When the operator fastens
the fixing screws 7 and 9, the telescope 11 1s not moved, and
accordingly the number (P) of the pulses received in S45 is
less than or equal to the first reference value R1 (S46: YES).
Thus, the AF controlling unit 265 performs auto-focusing
operation (547).

Since the auto-focusing operation 1s executed 1n S47, the
operator can observe an in-focus 1image through the eyepiece
117 without operating any switch after the rough sighting

has been finished. After the auto-focusing operation (S47),
control goes to S43.

Then, the operator performs the fine sighting of the
telescope 11, trying to locate the image of the reflector
placed at the aiming point in the center of the field of view
of the telescope 11 by turning the tangent screws 8 and 10.
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During the fine sighting, the number of pulses exceeds the
first reference value R1 (S46: NO). Thus, the AF controlling,
unit 265 does not executes the auto-focusing operation.

After completing the fine sighting, the operator stops
turning the tangent screws 8 and 10. Then, the successively
detected number (P) of the pulses is less than or equal to the
first reference value R1 (S46: YES), and the AF controlling
unit 265 performs the auto-focusing operation once 1n S47.
Then, control goes to S43, and the loop of S43 and S44 are
repeated, and the auto-focusing operation 1s not executed.

If the measurement of a certain aiming point has been
finished, and the operator tries to sight the telescope 11 on
another aiming point, the number (P) of the pulses exceeds
the first reference value R1 (S44:YES). Thereafter, the
process similar to the above 1s executed depending on the
movement of the telescope unit.

During the operation above, the control circuit 26 also
detects the direction of the reflector placed at the aiming
point as the vertical (elevational) and the horizontal angles
of the sighting line L1 based on the signals from the encoder
units 24 and 29, and displays the angles on the displaying
devices of the operation panels 6. If the operator mnputs a
command for initiating the distance metering through the
operation panels 6, the control circuit 26 controls the elec-
tronic distance metering unit 12 to start distance metering. In
response to the phase difference signal transmitted from the
clectronic distance metering unit 12, the control circuit 26
calculates a distance to the reflector located on the sighting
axis L1, and displays the calculated distance on the opera-
tion panels 6.

As described above, 1n the total station according to the
third embodiment, the auto-focusing operation 1s executed
once, when the telescope unit 1 1s stopped. Thus, the
auto-focusing operation is performed (1) when the power
switch 1s turned on and 1t 1s detected that the telescope 11 1s
not moved; (2) when the rough sighting is finished; and (3)
when the fine sighting i1s finished. The above-described
process may be modified such that the auto-focusing opera-
tion 1s performed intermittently, with a relatively long inter-
val. Further, although the auto-focusing operation 1s per-
formed once when the telescope 11 1s stopped in the third
embodiment, it can be modified such that the auto-focusing
operation may be performed intermittently.

The present disclosure relates to the subject matter con-
tained 1n Japanese Patent Application No. HEI 10-113867,
filed on Apr. 23, 1998, which 1s expressly incorporated
herein by reference 1n its entirety.

What 1s claimed 1s:

1. A surveying instrument, comprising;

a telescope utilized for sighting at an aiming point;

an auto-focusing system that executes an auto-focusing
operation for automatically adjusting a focusing con-
dition of said telescope;

a supporting member that movably supports said tele-
SCOpE;

a movement detection system that detects a moving status
of said telescope; and

a controlling system that controls said auto-focusing
system to perform the auto-focusing operation in accor-
dance with the moving status of said telescope.

2. The surveying instrument according to claim 1,
wherein said supporting member allows vertical rotation of
said telescope.

3. The surveying instrument according to claim 1,
wherein said supporting member allows horizontal rotation
of said telescope.
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4. The surveying instrument according to claim 1,
wherein said movement detection system detects a moving,
speed of said telescope, said moving speed being defined as
a moving amount within a predetermined unit period.

5. The surveying instrument according to claim 4,
wherein said controlling system categorizes moving speeds
of said telescope into a plurality of ranges, and determines
a range where said detected moving speed 1s included, and

wherein said controlling system controls said auto-
focusing system 1n accordance with the range where
said detected moving speed 1s mcluded.

6. The surveying instrument according to claim 3§,
wherein said plurality of ranges include first, second and
third ranges, a moving speed included 1n said {first range
being slower than a moving speed included 1n said second
range, a moving speed included 1n said second range being
slower than a moving speed included 1n said third range, and
wherein said controlling system controls said auto-focusing,
system to perform the auto-focusing operation whenever
said detected moving speed 1s included 1n said second range.

7. The surveying instrument according to claim 6,
wherein said controlling system controls said auto-focusing,
system to perform the auto-focusing operation a predeter-
mined number of times when a previously detected moving
speed 1s included 1n one of said second range and said third
range, and a currently detected moving speed 1s included 1n
said first range.

8. The surveying instrument according to claim 5,

wherein said plurality of ranges include first, second, and
third ranges, a moving speed included 1n said first range
being slower than a moving speed included in said
second range, a moving speed included 1n said second
range being slower than a moving speed included 1n
said third range, and

wherein said controlling system controls said auto-
focusing system to perform the auto-focusing operation
intermittently while said detected moving speed 1is
included 1n said second range.

9. The surveying instrument according to claim 8,
wherein a frequency of the auto-focusing operations, which
are performed while said detected moving speed 1s included
in said second range, increases, as said detected moving
speed decreases.

10. The surveying instrument according to claim 9,
wherein said second range 1s divided into a first sub-range
and a second sub-range, one of a first and a second frequency
being selected depending on whether said detected moving,
speed 15 1ncluded in said first sub-range or said second
sub-range.

11. The surveying system according to claim 4, wherein
the moving speed of said telescope 1s divided into a first and
a second range, the moving speed included in said first range
being slower than the moving speed included in said second
range, and wherein said controlling system controls said
auto-focusing system to perform the auto-focusing operation
only when said moving speed 1s included 1n said first range.

12. A surveying instrument, comprising;

a telescope utilized for sighting at an aiming point;

an auto-focusing system that performs an auto-focusing
operation for automatically adjusting a focusing con-
dition of said telescope;

a supporting member that movably supports said tele-
SCOPE;
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a movement detection system that detects, based on a
movement of said telescope, a moving status of said
telescope, said moving status including a rough sight-
Ing status, a fine sighting status, and a suspended status;
and

a controlling system that controls said auto-focusing
system to perform the auto-focusing operation in accor-
dance with the moving status detected by said move-
ment detection system.

13. The surveying instrument according to claim 12,
wherein said controlling system allows said auto-focusing
system to perform the auto-focusing operation when the
moving status of said telescope 1s 1n said fine sighting status,
and 1nhibits said auto-focusing system from performing the
auto-focusing operation when the moving status of said
telescope 1s 1n said rough sighting status.

14. The surveying instrument according to claim 13,
wherein said controlling system controls said auto-focusing
system to perform the auto-focusing operation immediately
when the moving status of said telescope has changed to said
suspended status, and inhibits the auto-focusing operation
thereafter, until the moving status of said telescope 1is
changed to said fine sighting status.

15. The surveying instrument according to claim 12,
wherein said controlling system controls said auto-focusing
system to perform the auto-focusing operation continuously
while the moving status of said telescope 1s said fine sighting
status.

16. The surveying instrument according to claim 12,
wherein said controlling system controls said auto-focusing
s stem to perform the auto-focusing operation intermittently
while the moving status of said telescope 1s said fine sighting
status.

17. The surveying instrument according to claim 16,
wherein frequency of the auto-focusing operations, which
are performed while the moving status of said telescope 1s
said fine sighting status, 1s greater as a moving speed of said
telescope 1s faster.

18. The surveying instrument according to claim 17,
wherein the moving speed of said telescope, when the
moving status of said telescope 1s said fine sighting status,
1s divided into a plurality of ranges, and wherein said
frequency of the auto-focusing operations varies in accor-
dance with a range where the moving speed of said telescope
1s 1ncluded.

19. The surveying instrument according to claim 12,
including a distance metering device.

20. The surveying instrument according to claim 12,
including a device that detects horizontal and elevational
angles between a reference point to an aiming point, with
respect to a predetermined station.

21. A surveying instrument, comprising;:

a telescope utilized for sighting at an aiming point;

an auto-focusing system that executes an auto-focusing
operation for automatically adjusting a focusing con-
dition of said telescope;

a movement detection system that detects a moving status
of said telescope; and

a controlling system that controls said auto-focusing
system to perform the auto-focusing operation 1n accor-
dance with the moving status of said telescope.
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